Abstract. Congenital midline nasal masses (CMNMs) are rare lesions most commonly caused by dermoids, hemangiomas, nasal gliomas or encephaloceles. We report a case of nasal glioma and discuss the embryologic development, evaluation, and management of such CMNMs. J Dermatol Surg Oncol 1990; 16:1025-1036.
A 1-week-old male infant was referred to the Department of Dermatology for evaluation of a congenital mass at the root of the nose that had not changed since birth. There was no history of nasal blockage, discharge, bleeding, seizures, or meningitis. The patient's mother believed that the lesion transiently increased in size when the child was crying. He was a full-term child, the product of a normal labor and delivery and no other abnormalities were identified. There was no history of congenital defects in three older siblings and the family history was unremarkable.
Physical examination revealed a 1-cm, firm, moveable, nonpulsatile mass located at the root of the nose just slightly left of midline (Fig. 1 ). There was a slight prominence to the vascularity of the overlying skin, but no other changes in the skin surface were seen. There were no intranasal masses and hypertelorism was not present. The remainder of the physical examination was unremarkable.
The clinical differential diagnosis was nasal glioma, encephalocele, and cavernous hemangioma. The patient was referred to the Pediatric Neurosurgery service, which favored the diagnosis of encephalocele. An MRI scan (Figs. 2 and 3) showed a soft tissue mass in the left nasal region. There was no evidence of fluid or blood in the mass. There was no alteration of the parenchyma of the brain and no transcranial extension of the mass (Fig. 4) .
The patient was referred to the Plastic Surgery service, where the mass was excised under general anes-Y FIGURE 1. Nasal glioma.
thesia. An eliptical excision exposed a cystic lesion within the dermis that, upon dissection, was found to have eroded the distal nasal bone on the left and to have partially eroded the nasal septum and nasal cartilage with involvement of the nasal mucosa. The lesion was removed intact and no extensions were detected. Postoperative course was unremarkable, and the patient was well at 1 month postoperatively.
Histologic exam showed that the epidermis was near normal for the area. The density of adnexal structures was decreased and the dermis extensively altered by the inclusion of glial tissue arranged in irregular and somewhat angular islands (Fig. 5) . The combination of glial tissue and collagen extended to the deep fascia. Large, syncytial, multinucleated giant cells were formed by syncytial aggregates of glial cells (Fig. 6 ) . These changes were interpreted as diagnostic of nasal glioma. Ganglion cells were not identified.
DISCUSSION
Up to 50% of congenital malformations involve the cerebrospinal axis.3 The majority of these are found caudally, but the cranium may also be affected; CMNMs are rarer still.
Patients of the nose in an infant or young child.'-' The differential diagnosis of such lesions has been assembled by several authors8-10 and may include developmental anomalies, inflammatory lesions, and benign or malignant neoplasms (Table 1) . In a series of 109 consecutive admissions to two children's hospitals over a 20-year period for evaluation of nasal masses present from birth or with onset in early childhood, Bradley and Singhe found 67 nasal dermoids, 32 hemangiomas, 5 nasal gliomas, 2 encephaloceles and 3 other entities (Table 2) . During the same time period, a total of 304,000 admissions had been made to the same hospitals, demonstrating the rarity of CMNMs.
Embryologic Development
Since the majority of CMNMs result from an alteration of the embryologic events that produce the nose, frontal-basal skull, and intracranial contents,lJ1J2 a review of the normal sequence will be useful in understanding the results of aberrant developmental pathways. The neuroectoderm first appears in the human embryo at about 18 days after conception; folding of this neural plate and fusion to produce the neural tube follows. dermal tissues begin to form the bone, cartilage, vessels, and meninges of the skull. A space called the fonticulus frontalis, or nasofrontal fontanel, lies between the frontal and nasal bones. A cartilagenous capsule, which ultimately will form the upper lateral nasal cartilage, is formed in the anterior wall of the external nose. The prenasal space extends from the brain to the nasal tip lying deep to the nasal bone and skin, and superficial to the nasal cartilage capsule. These relationships are shown in Figure 7A . As development proceeds, the nasofrontal fontanel is altered by extensions of the frontal bones to form a canal (foramen caecum) through which a projection of dura-mater extends to traverse the prenasal space and contact the nasal skin (Fig. 7B) . Progressively, the frontal, nasal, sphenoid, and ethmoid bones fuse to form the base of the skull and cribiform plate. The dural tract in the prenasal space separates from the nasal skin and is obliterated (Fig. 7C) .
Alterations in this cycle can include faulty closure of the anterior neuropore with defects in the fonticulus frontalis, foramen caecum, cribiform plate, or sphenoid and ethmoid bones.',l3 When bony defects such as these allow herniation of dura-mater and brain tissue extracranially, an encephalocele results (Fig. 8) . Gliomas, or rests of neuroglial tissue, result when brain tissue is isolated extracranially by the fusion of cranial sutures without the inclusion of meninges, although a fibrous stalk may persist (Fig. 9 ). In addition to the frontonasal, or "extranasal" lesions, which can result from herniation through the fonticulus frontalis (Figs. 8 and 9), frontosphenoidal or "intranasal" lesions can be produced by herniation through the foramen caecum (Figs. 10 and l l).
The development of nasal dermoid cysts and sinuses is now understood to result from the faulty involution of the dural tract, which traverses the prenasal space early in embryologic d e~e l o p m e n t .~~J 3 J~ Ectodermal elements may be found along this tract. Also, as the dural tissue retracts into the cranium through the foramen caecum it may draw somatic ectoderm along with it, producing a sinus tract or cyst anywhere along this path (Figs. 12 and 13). Dural
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projections may also exist in the region of the fonticulus frontalis, perhaps accounting for the occurrence of frontonasal dermoids (Fig. 14) . 11 Other theories to explain the formation of nasal dermoids include the following: faulty closure of the fonticulus frontalis or foramen caecum, which may permit dermal elements to invaginate into these areas;12J5 inclusion of dermal elements in facial clefts;16 simple inclusion cysts;17 and aberrant development of skin appendages.18
Hemangiomas are thought to be a proliferation of endothelial cells resulting from an aberrant development of an embryologic undifferentiated capillary netw0rk.1~ The factors that enhance the growth of hemangiomas may include locally-produced angiogenic factors,20 mast cells-derived factors,21 increased serum 17p-estradiol levels, and increased specific 17p-estradiol binding sites within hemangiomas,22 or a deficiency of a normal inhibitor.
Nasal Glioma
Nasal glioma was first reported in 1852 by Reid. 23 Schmidt gave a detailed description of the entity and coined the term "glioma" in 1900. 24 Since then, approximately 150 cases have been reported.*5-27 Nasal gliomas occur with a male to female ratio of 3 : ZZ7
There is no familial predisposition or any consistently associated defects.28 Nasal gliomas grow in proportion to the growth of the child. There is no reported malignant degeneration.
Clinically, nasal gliomas are extranasal in 60% of cases, intranasal in 30%, and combined intra-and extranasal in 10%.27,29 Heterotopic brain tissue has also been found in the scalp,30 lip,31 o r o p h a r y n~,~~ nasopharynx,33 tongue,34 and elsewhere about the head. In their review of 62 published cases of nasal glioma, Karma et al.27 found 11 cases that demonstrated connection with the intracranial space at surgery * Extranasal gliomas are smooth, firm, noncompressible, skin-covered nodules most often located at the bridge or root of the nose, although they may be found at the nasal t i~. 3~ They are often located slightly to one side of the midline and range in size from 1 to 5 cm. The overlying skin may be discolored25 or telangiectatic.35 There is no pulsation or transillumination. They do not expand with crying or with compression of the jugular veins (negative Furstenberg test); however, this examination is not highly reliable.36 There may be widening of the nasal bridge or hypertelorism, but this is more likely in intranasal glioma.
Intranasal gliomas may present as mass protruding from a nostril, or more frequently, as a pale, glis- tening, polypoid mass within the nasal cavity or nasopharyn~.30,3~,38 Nasal obstruction with respiratory embarrassment may occur. Rarely, there is epistaxis or spontaneous cerebrospinal fluid leakage. 39 The base of the intranasal glioma usually arises on the lateral nasal wall near the middle turbinate or from the middle turbinate itself; occasionally they originate from the nasal ~eptum.3~~38 
Encephalocele
An encephalocele is a herniation of cranial contents through a defect in the skull. The first medical report of encephalocele may have appeared in the 16th century. 42 Encephaloceles occur in about 1 -3 out of 10,000 live births,43,44 and affect the sexes equally. Of these, 75% are located at the occiput; 15% are sincipital, or extranasally situated about the dorsum of the nose, orbits, and forehead; and 10% are basal, or found in the intranasal, sphenomaxillary, or pharyngeal regions. There is a 6% risk of CNS abnormality in subsequent siblings. 44 No malignant degeneration is found. The classification of encephaloceles may also be made on the contents of the extracranial herniation. Meningoceles contain only meninges; meningoencephaloceles, or simply encephaloceles, contain neural tissue as well as meninges; and meningoencephalocystoceles contain meninges and neural tissue as well as a portion of the ventricular system.'s45 The following discussion will utilize the term encephalocele to encompass these entities as they relate to CMNMs.
The etiology of encephaloceles is uncertain. Apparently, most lesions are sporadic developmental defects. However, the occurrence of encephaloceles in families with other CNS malformations, in association with known genetic syndromes such as frontonasal dysplasia, and in the HARD + E syndrome (hydrocephalus, agyria, retinal dysplasia, and encephalocele) suggests that genetic influences may occur in some cases.46.47 Additionally, teratogens such as trypan blue and excess doses of vitamin A can cause encephaloceles in experimental animals. 48 Clinically, both basal and sincipital encepahloceles are softer or more compressible than nasal gliomas, and they often have a bluish tint.' They may 1030 at ura in contact range in size from less than 1 cm in diameter to a large mass containing nearly half the brain. 46 They may spontaneously leak CSF, and a history of meningitis may be obtainable. The Furstenberg test is usually positive and spontaneous pulsation may be seen.' Transillumination may be decreased if neural elements are present in the herniated sac.
Hypertelorism is frequent (Fig. 15 ) and associated facial and cerebral malformations such as facial clefting (Fig. 16) , depressed nasal tip, and agenesis of the corpus callosum may be n~t e d .~~, *~ There is always an underlying defect of the cranium.*,46 Intranasal encephaloceles may produce obstruction, and such lesions may be confused with a nasal polyp-a lesion which is usually not found in infants or young children. 8 Histologically, the differentiating feature between an encephalocele and a nasal glioma is the presence of dura and l e p t~m e n i n g e s .~~ Mature neural tissue with varying degrees of organization may be found in both entities, and unfortunately, leptomeninges are not always recognizable. In such cases, the distinction between nasal glioma and encephalocele can be made only with clinicopathologic correlation.40
Nasal Dermoid
In 1982, Sessions'' proposed the term "nasal dermal sinus-cyst" (NDSC) for a group of rare lesions of somatic ectodermal or mixed somatic and neuroectoderma1 derivation arising on the nose with occasional growth to and rarely through the cranium. Such NDSCs, or nasal dermoids as they are more frequently called, account for approximately 10% of all dermal sinuses of the head and neck, and for 1% of all such cysts throughout the b~d y .~~,~' The sex ratio is probably equal." In some cases, there may be a familial predisposition to NDSC;52 some pedigrees suggest an autosomal dominant mode of inheritance.53 Malignant degeneration has not been described, and the incidence of other concurrent congenital anomalies is quite low." Clinically, NDSCs have a sinus tract that opens on the skin of the nose anywhere between the base of the columella and the glabella (Figs. 17 and 18) , with the distal one-third of the nasal dorsum being the most common site.15 A cheesy material can often be expressed from the sinus, and hairs are sometimes seen protruding from the opening.1,15 Extranasal Glioma (dura pinches as bony surface the sinus tract most often is deep to the nasal bones superiorly. It may be short, or extend intracranially and cystic dilatations may be found anywhere along its course (Fig. 19) . 15 Extranasal dermoids are firm, noncompressible, and nonpulsitile, with a negative Furstenberg test. The lesion does not transilluminate. Local infection may have occurred. If an intracranial connection exists, CSF leak may exist and meningitis, either sterile from cyst contents or bacterial through direct spread, is a risk. ' Histologically, dermoid cysts are true cysts located in the subcutaneous tissues, often adherent to perios-Dermal fistula FIGURE 12. Nasal dermal sinus-cyst (dermoid) extending through prenasal space to base of skull. teum or eroding the outer table of the They have a lining of stratified squamous epithelium containing hair follicles. 54 The lumen is filled with desquamated epithelium and hair shaft fragments. Sebaceous glands and eccrine structures are often found in the cyst wall or opening into the cyst lumen. Mesodermal elements, such as smooth muscle fibers, may also be found in the cyst.54 Bone, cartilage, and specialized tissue not usually found in the skin, such as gastrointestinal, thyroid, or respiratory tissues (as might be seen in teratomas), are absent.41
Patent foramen caecum and intracranial dermoid
Dermal fistula-/ FIGURE 13. Nasal dermal sinus extending through cribiform plate with intracranial dermoid cyst. 
Other Lesions
Hemangiomas of the nose may be quite similar in appearance to nasal gliomas (Fig. 20) . Approximately 10% -30% of nasal hemangiomas are present at birth, and most are noted in the first few weeks of life.8~55 They may be quite firm to the touch and only partially blanchable. 55 The distinction from nasal glioma may be made even more difficult because both lesions may have telangiectasia on their surface. In fact, Bradley and Singhe reported that in their series of 109 cases of CMNMs, the greatest diagnostic uncertainty involved seven hemangiomas that were either present at birth at the glabellar/nasal root area, or where the hemangioma was deep in the nasal tip.
Typically, hemangiomas grow rapidly during the first weeks and months of life. This is followed by gradual involution that usually takes several years to complete. It is not unusual to see areas of breakdown in the skin overlying hemangiomas, and infection is a cause of end-stage scarring.55 Other complications include the consumptive coagulopathy of the Kassabach-Merrit syndrome, obstruction of the visual axis, and high-output congestive heart failure in association with extensive visceral and cutaneous hemangiomas. Cutaneous hemangiomas, primarily of the cervicofacial area, are seen in 50% of cases of subglottic hemangioma.56 Because hemorrhage or enlargement of a subglottic hemangioma may obstruct the airway, patients with nasal hemangiomas should be examined to rule out this potential complication. Nasal polyps are inflammatory intranasal masses associated with chronic sinusitis, or an allergic diathesis. They arise from the lateral nasal wall. They have not been reported in children younger than 3 years of age, and the cases seen in children younger than 5 years of age are often associated with cystic fibrosis.1.8
Imaging Studies
To avoid CSF leaks and meningitis, the preoperative evaluation must include imaging studies to deliniate any intracranial extension of CMNMs. Findings typi- 
Management Strategies
The appropriate management of patients with CMNMs requires a multidisciplinary approach from the outset. Consultations with otolaryngology or facial plastic surgery and neurosurgery services should be obtained.'*J9 A detailed history should elicit whether the lesion was present at birth, whether it has increased in size, and whether it appears to enlarge with straining or crying. A history of meningitis or CSF rhinorrhea strongly suggests an intracranial extension. Physical examination should include gentle palpation of the mass, transillumination, inspection for pulsation or sinus pit, and performance of the Furstenberg test. Needle aspiration or biopsy must be avoided until intracranial connections are ruled out,
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since CSF leak and meningitis may be precipitated by such maneuver^.'^,^^ The existence of any other congenital abnormalities should be ruled out. Imaging studies including axial, coronal, and sagittal views with MRI and axial and possibly coronal CT scans should be performed; polytomography of the base of the skull should also be ~o n s i d e r e d . '~,~~ Hemangiomas should be managed conservatively unless their increasing size compromises respiration or the visual axis. Systemic and/or intralesional corticosteroids may be the treatment of choice for such lesions and surgical excision may be necessary in isolated cases.60
Decisions regarding the surgical resection of CMNMs should respect the known embryologic development of the lesions involved and the possibility of intracranial extension regardless of preoperative evaluations. All explorations should take place in the operating room under general anesthesia because of the possible deep extension of any of the CMNMs commonly encountered.8 Neurosurgical back-up must always be available in the event intracranial extension is identified at surgery.
If intracranial extension is identified preoperatively, the first stage procedure should be craniotomy with resection of any intracranial cysts and repair of dural defects.l.8 In such cases, the extranasal portion of the CMNS may be removed at the same time or later via an external nasal approach.' This second stage procedure may not be necessary with encephaloceles since the risk of meningitis has been removed and the extracranially-isolated elements may regress. 61 When the CMNM is suspected to be entirely extracranial, surgical therapy is indicated for enlarging or inflamed NDSCs and for nasal gliomas; asymptomatic dermal sinuses may not require surgical intervention.' Early excision in such cases is advocated to reduce facial deformity.62 Total excision is mandatory to prevent recurrence; reported recurrence rates are about 10% -15'30.~~ Frozen-section histologic examination of the excisional margin has been advocated." Mohs micrographic surgery has not been reported in the management of nasal glioma, although such tumors have apparent contiguous growth that would be amenable to such intraoperative management. A technique of detecting surgically-created CSF leaks immediately postoperatively using radionuclide tracers has been d e~c r i b e d .~~ dermoids, and Janet Morgan for preparation of the manuscript.
